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NEW PROTOCOL AND SOFTWARE FOR MULTIPLEX REAL-TIME PCR 
QUANTi FiCATiON BASED ON THE DIFFERENT MELTING TEMPERATURES 
OF AMPLICONS 

FIELD OF THE INVENTION 

[0001] The present invention pertains to the field of multiplex real-time polymerase 

chain reaction. In particular, the invention pertains to the quantification of multiple 
amplicons in a single polymerase chain reaction based on the different melting 
temperatures of amplicons. 

BACKGROUND 

[0002] Polymerase chain reaction (PCR) is a primer-directed in vitro reaction for 

the enzymatic amplification of a fragment of DNA. PCR involves repetitive cycles 
of DNA template denaturation, primer annealing to the DNA template, and primer 
extension. Each cycle begins with a denaturation step, during which the reaction 
sample is brought to a denaturing temperature and the duplex DNA template 
unwinds into two separated strands of DNA. In the subsequent annealing step, 
each oligonucleotide primer anneals or hybridizes to the complementary sequence 
of one separated strand of the DNA template at an annealing temperature. In the 
final extension step, a thermostable DNA polymerase engages in synthesizing 
nascent DNA by extending each primer from its 3' hydroxyl end towards the 5' end 
of the annealed DNA strand at an appropriate extension temperature. If the newly 
synthesized DNA strand extends to or beyond the region complementary to the 
other primer, it serves as a primer-annealing site and a template for extension in a 
subsequent PCR cycle. As a result, repetitive PCR cycles give rise to the 
exponential accumulation of a specific DNA fragment or amplicon whose termini 
are defined by the 5' ends of the two primers. Theoretically, if the amplification 
efficiency is 100%, a single DNA template can produce a progeny of 2 n amplicons 
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of interest at the nth PCR cycle. The distinct ability of PCR to produce a 
substantive quantity of amplicons of interest from an initial nominal amount of 
sample DNA templates has been widely implemented in the fields of biomedical 
research and clinical diagnosis. For example, PCR has been used to diagnose 
inherited disorders and characterize forensic evidence. In particular, PCR has 
played a critical role in genotyping a vast number of genetic polymorphisms and 
identifying variations that underlie the onset of many diseases. 
[0003] Multiplex PCR offers a more efficient approach to PCR, whereby multiple 

pairs of primers are used to simultaneously amplify multiple amplicons in a single 
PCR reaction. The simultaneous amplification of various amplicons decreases 
both the cost and turn-around time of PCR analysis, minimizes experimental 
variations and the risk of cross-contamination, and increases the reliability of end 
results. Since its inception, multiplex PCR has gained popularity in many areas of 
DNA testing including, gene deletion analysis, mutation and polymorphism 
analysis, genotyping and DNA array analysis, RNA detection, and identification of 
microorganisms. 

[0004] However, traditional PCR and multiplex PCR are often limited to a 

qualitative rather than quantitative analysis of end-product amplicons. To 
overcome this limitation, real-time PCR has been developed to quantify amplicons 
during an ongoing PCR reaction. Real-time PCR is based on the principles that 
emission of fluorescence from dyes directly or indirectly associated with the 
formation of newly synthesized amplicons or the annealing of primers with DNA 
templates can be detected and is proportional to the amount of amplicons in each 
PCR cycle. The resulting emission curve can then be used to calculate the initial 
copy number of a nucleic acid template at the beginning of the PCR reaction. 
Real-time PCR eliminates the need for post PCR steps and is highly recognized 
for its high sensitivity, precision and reproducibility. 

[0005] The simplest and cheapest real-time PCR reaction employs a double 

stranded DNA intercalating dye, such as SYBR Green I or ethidium bromide. The 
dyes emit little fluorescence of their own or in the presence of single stranded 

[41743-8001/LA0321 10.024.024] -2- 



EXPRESS MAIL NO. EV254990873US 



Attorney Docket No. 41 743.8001. USOO 



DNA and become intensely fluorescent in the presence of double stranded DNA. 
However, the drawback of using these dyes is that they do not recognize specific 
sequences or amplicons since they emit in the presence of any DNA fragment 
formed in a PCR reaction including undesired primer-dimer products, as long as 
the fragment is in duplex. This drawback may be overcome by introducing 
fluorescence-labeled, amplicon specific oligonucleotides or probes in real-time 
PCR. The fluorescence-labeled probes hybridize to an internal sequence of an 
amplicon and emit fluorescence after cleavage of the probe (e.g., Hydrolysis 
Probes) or during hybridization of one (e.g., Molecular Beacon) or two or more 
probes (e.g., Hybridization Probes). Most of these probes consist of a pair of 
dyes, a reporter dye and an acceptor dye, that are involved in fluorescence 
resonance energy transfer, whereby the acceptor quenches the emission of the 
reporter. In general, the fluorescence-labeled probes increase the specificity of 
amplicon quantification. 

[0006] The advent of high throughput genetic testing has necessitated both 

qualitative and quantitative analysis of multiple genes and has led to the 
convergence of multiplex PCR and real-time PCR into multiplex real-time PCR. 
Since double stranded DNA intercalating dyes are not suitable for multiplexing due 
to their non-specificity, fluorescence-labeled probes have made multiplex real-time 
PCR possible. However, multiplex real-time PCR is limited by the availability of 
fluorescence dye combinations. Currently, only up to four fluorescence dyes can 
be detected and quantified simultaneously in real-time PCR. In addition, the cost 
associated with making dye-labeled probes and acquiring a PCR instrument 
capable of detecting multiple dye emissions simultaneously is economically 
unfavorable to most scientists. 

[0007] Therefore, there is a need to develop methods of amplifying and 

quantifying multiple amplicons in a single PCR reaction for multiplex real-time 
PCR. 

SUMMARY OF THE INVENTION 
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[0008] One aspect of the invention is directed to methods for real-time monitoring 

and quantifying of multiple amplicons in a single multiplex real-time PCR reaction 
with the use of a double stranded DNA dye and the melting temperature 
discrepancy among the amplicons. 

[0009] A double stranded DNA dye is known to fluoresce once a double stranded 

DNA fragment forms and fade away when the double stranded fragment unwinds 
into single strands or wee versa. Amplicons may be distinguished according to 
their unique melting temperatures(T m s). When a PCR reaction temperature rises 
above an annealing and/or extension temperature and towards a denaturing 
temperature, the amplicon with the lowest melting temperature denatures first, the 
amplicon with a higher melting temperature denatures next, and the amplicon with 
the highest melting temperature denatures last. The fluorescent emission of a 
double stranded DNA dye changes at a rate that is proportional to the rising of the 
reaction temperature and the incremental denaturation of amplicons. The 
emission difference between two emissions, one taken at a measuring 
temperature below the T m of an amplicon when the amplicon remains double 
stranded and the other taken at a measuring temperature above the T m when the 
double stranded DNA of the amplicon melts, reflects the emission amount of the 
amplicon in the double stranded status. The emission difference can be plotted 
against the number of cycles and the amount of each DNA template or amplicon 
may be determined in absolute or relative quantities by methods known in the art. 

[0010] In one embodiment of the invention, a method of real-time monitoring and 

quantifying a nucleic acid template comprises the steps of: (a) thermally cycling a 
PCR mixture comprising a thermostable polymerase, the template nucleic acid, 
primers to form at least one amplicon from the template nucleic acid, and a double 
stranded DNA dye, (b) measuring cycle by cycle a pre-T m emission of a double 
stranded DNA dye at a measuring temperature below a T m of an amplicon and a 
post-T m emission of the double stranded DNA dye at a measuring temperature 
above the T m , and (c) determining an emission amount of the amplicon, which is 
the difference between the pre-T m emission and the post-T m emission. The 
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method further comprises the step of quantifying an amount for the amplicon or 
the starting amount of the nucleic acid template by plotting the emission amount 
as a function of the number of cycles. 

toon] In another embodiment of the invention, a method for real-time monitoring 

and quantifying a total of n amplicons comprises the steps of: (a) determining the 
T m of each amplicon, aligning T m s from low to high, wherein T m0 (T A and/or T E , an 
annealing and/or extension temperature) < T m1 (the T m of the first amplicon) < T m2 
<. .< Tmflc-D < T mk (the T m of the /rth amplicon) < T m(k+1) . . < T mn < T m(n+ i)(T D , the 
complete denaturing temperature), (b) measuring cycle by cycle a pre-Tm 
emission of a double stranded DNA dye at a measuring temperature (MT) 
between T m(k -i) and T mk (or a pre-T mk MT) and a post-T m emission of a double 
stranded DNA dye at a measuring temperature between T mk and T m(k+ D (or a post- 
T mk MT); and c) determining an emission amount of the /rth amplicon, which is the 
difference between the pre-T m emission and the post-T m emission, wherein k is an 
integer and 1 and n is an integer and 2 <n <35, preferably, 2<n <18, more 
preferably, 2 <n <10, and most preferably, 2 <n <7. The method further 
comprises the step of quantifying a starting amount for the /rth amplicon or the 
nucleic acid template by plotting the emission amount of the /rth amplicon as a 
function of the number of cycles. 

[0012] In yet another embodiment of the invention, a method for real-time 

monitoring and quantifying a total of n amplicons comprises the steps of: (a) 
determining the T m of each amplicon, aligning the T m s from low to high, wherein 
T m0 (T A and/or T E ) < T m1 (the T m of the first amplicon) < T m2 <. .< T m(k .i) < T mk (the 
T m of the /rth amplicon) < T m ( k +i). . < T mn < T m ( n+1 )(TD), (b) selecting measuring 
temperatures (MTs) between every two immediately adjacent T m s and aligning the 
measuring temperatures from low to high, wherein T m0 < M^< T m i (the T m of the 
first amplicon) <MT 2 < T m2 <. .< T m(k .i) <MT k < T mk (the T of the /rth amplicon) < 
MT (k+1) <T m(k+ i). . <MT n < T mn <MT( n+1) < T m ( n +i), (c) measuring cycle by cycle a pre- 
Tm emission of a double stranded DNA dye at a temperature of MT k and a post-T m 
emission of a double stranded DNA dye at a temperature of MT {k+1) , and (d) 
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determining an emission amount of the Wh amplicon which is the difference 
between the pre-T m emission and the post-T m emission, wherein k is an integer 
and 1 and n is an integer and 2 <n <35, preferably, 2 <n ^18, more 
preferably, 2 <n <10, and most preferably, 2 <n <7. The method further 
comprises the step of quantifying a starting amount for the /cth amplicon or the kth 
nucleic acid template. 

[0013] In another preferred embodiment of the invention, a method for monitoring 

and quantifying a first nucleic acid template and a second nucleic acid template 
comprises the steps of: (a) determining a first T m of a first amplicon which is 
amplified from the first nucleic acid template and a second T m of a second 
amplicon which is amplified from the second nucleic acid template, (b) thermally 
cycling a PCR mixture comprising a thermostable polymerase, the first and 
second template nucleic acids, primers to form the first amplicon and the second 
amplicon, and a double stranded DNA dye, (c) measuring cycle by cycle a first 
pre-T m emission at a measuring temperature below the first T m and a first post-T m 
emission at a measuring temperature above the first T m , (d) measuring cycle by 
cycle a second pre-T m emission of a double strand DNA dye at a measuring 
temperature below the second T m and a second post-T m emission at the a 
measuring temperature above the second T m , (e) determining a first emission 
amount which is the difference between the first pre-T m emission and the first 
post-T m emission, and (f) determining a second emission amount which is the 
difference between the second pre-T m emission and the second post-T m emission. 
The method further comprises the step of quantifying a starting amount of the first 
nucleic acid template and a starting amount of the second nucleic acid template. 

[0014] In another preferred embodiment of the invention, a method for monitoring 

and quantifying a first nucleic acid template and a second nucleic acid template, 
comprising the steps of: (a) determining a first T m and a second T m , wherein the 
first T m is less than the second T m , (b) thermally cycling a PCR reaction 
comprising a thermostable polymerase, template nucleic acids, primers to form a 
first amplicon from the first template nucleic acid template and a second amplicon 
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from the second nucleic acid template, and a double stranded DNA dye, (c) 
measuring cycle by cycle a first pre-T m emission of a double stranded DNA dye at 
a measuring temperature between an annealing and/or extension temperature 
and the first T m , a second pre-T m emission (which is also a first post-T m emission) 
at a measuring temperature between the first T m and the second T m> and (d) 
determining an emission amount of the first amplicon, which is the difference 
between the first pre-T m emission and the second pre-T m emission. The method 
further comprises the step of quantifying the amount of the first nucleic acid 
template based on the emission amount of the first amplicon and the amount of 
the second nucleic acid template based on the second emission. 

[0015] In yet another preferred embodiment of the invention, the method is 

directed to monitoring and quantifying a first nucleic acid template with a first T m 
and a second nucleic acid template with a second T m , comprising the steps of: (a) 
determining the first T m and the second T m , wherein the first T m is less than the 
second T m , (b) thermally cycling a PCR reaction comprising a thermostable 
polymerase, template nucleic acids, primers to form a first amplicon from the first 
template nucleic acid template and a second amplicon from the second nucleic 
acid template, and a double stranded DNA dye, (c) measuring cycle by cycle a 
first emission at a measuring temperature between an annealing and/or extension 
temperature and the first T m , a second emission at a measuring temperature 
between the first T m and the second Tm, and a third emission at a measuring 
temperature between the second T m and a total denaturing temperature, (d) 
determining a first emission difference which is the difference between the first 
emission and the second emission, and (e) determining a second emission 
difference which is the difference between the second emission and the third 
emission. The method further comprises the step of quantifying the amount of the 
first nucleic acid template based on the first emission difference and the amount 
of the second nucleic acid template based on the second emission difference. 

[0016] Another aspect of the invention is directed to a computer program or 

software which, once stored in a computer memory and executed by a processor, 
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performs the method comprising the step of subtracting a pre-T m emission from a 
post-T m emission or subtracting a post-T m emission from a pre-T m emission. 

[0017] Another aspect of the invention is directed to a computer program product 

comprising a computer memory having a computer software stored therein, 
wherein the computer software when executed by a processor or in a computer 
performs the method comprising the step of subtracting a pre-T m emission from a 
post-T m emission or subtracting a post-T m emission from a pre-T m emission. 

[0018] Another aspect of the invention is directed to a PCR instrument comprising 

a computer program product and/or a computer memory having a computer 
software stored therein, wherein the computer software when executed by a 
processor or in a computer performs the method comprising the step of 
subtracting a pre-T m emission from a post-T m emission or subtracting a post-T m 
emission from a pre-T m emission. 

[0019] Other aspects of the invention and embodiments are described in the 

drawings, examples, and specification below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] Fig. 1 shows how fluorescence emission of a double stranded DNA dye is 

obtained at a measuring temperature (MT) in each cycle of a PCR reaction. T m1 , 
Tm2, T m ( k .i), T mk , T m(k+1) , and T mn represent the T m sof the 1st, 2nd, (/c-f)th, /cth, 
(/c+7)th, and nth amplicons respectively. T A represents an annealing temperature; 
T E represents an extension temperature (T A and Te may be the same 
temperature); and T D represents a total denaturing temperature that denatures all 
of the amplicons. MT pre -k represents a MT below T mk or a MT pre-T mk ; MT pos t-k 
represents a MT above T mk or a MT post-T mk . T m{k _D < MT pre - k < T mk < MT pos t-k< 
Tm( k +i). The fluorescence emission obtained at MT pre - k is a pre-T mk emission that 
corresponds to a total emission amount of duplex amplicons with T m s no less than 
T mk . The fluorescence emission obtained at MT pos t-k is a post-T mk emission that 
corresponds to a total emission amount of duplex amplicons with T m s higher than 
T mk . The difference between the pre-T mk emission and the post-T mk emission 
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corresponds to the emission amount of the kth amplicon in duplex, k and n are 
integers and 1 <k <n, and 2 </?. 
[0021] Fig. 2 shows how fluorescence emission of a double stranded DNA dye is 

obtained at a measuring temperature (MT) between two immediately adjacent T m s 
in each cycle of a PCR reaction. T m1l T m2 , T m (k-\), T mk , T m(k+1) , and T mn represent 
the T m s of the 1st, 2nd, {k-1)\h, /rth, (/c+f)th, and nth amplicons respectively. T A 
represents an annealing temperature; T E represents an extension temperature(T A 
and T E may be the same temperature); and T D represents a total denaturing 
temperature that denatures all of the amplicons. MT k represents a MT between 
T m(k _i) and T mk ; MT k +i represents a MT between T mk and T m(k+1) . MT k can also be 
viewed as a MT post-T m(k .i) or a MT pre-T mk . Similarly, MT (k+ i)Can also be viewed 
as a MT post-T mk or a MT pre-T m(k+1) . T m ( k _i) < MT k < T mk < MT k+i < T m(k+1 ). The 
fluorescence emission obtained at MT k is a pre-T mk emission that corresponds to 
a total emission amount of duplex amplicons with T m s no less than T mk . The 
fluorescence emission obtained at MT k+ i is a post-T mk emission that corresponds 
to a total emission amount of duplex amplicons with T m s higher than T mk . The 
difference between the pre-T mk emission and the post-T mk emission corresponds 
to the emission amount of the kth amplicon in duplex, k and n are integers and 1 
<k <n, and 2 <n. 

[0022] Fig. 3 shows how fluorescence emission of a double stranded DNA dye is 

obtained at a measuring temperature (MT) in each cycle of a PCR reaction 
containing at least two amplicons. T m i ,and T m2 , represent the T m s of the 1 st and 
2nd amplicons respectively. T A represents an annealing temperature; T E 
represents an extension temperature (T A and T E may be the same temperature); 
and T D represents a total denaturing temperature that denatures all of the 
amplicons. MTp re -i represents a MT below T m1 or a MT pre-T m i; MT pos t-i 
represents a MT above T mi or a MT post-T m1 . MT pre -2 represents a MT below T m2 
or a MT pre-T m2 ; MT p0 st-2 represents a MT above T m2 or a MT post-T m2 . T A /T D < 
MT pre -i< T m1 < MT P ost-i/MTp re - 2 < T m2 < MT pos t- 2 < To- The fluorescence emission 
obtained at MT pre -i is a pre-T m1 emission that corresponds to a total emission 
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amount of both amplicons in duplex. The fluorescence emission obtained at 
MTposn is a post-T m i emission that corresponds to an emission amount of the 
second amplicon in duplex. The difference between the pre-T m1 emission and the 
post-T m1 emission corresponds to the emission amount of the first amplicon in 
duplex. The fluorescence emission obtained at MT pre -2 is a pre-T m2 emission that 
corresponds to an emission amount of the second amplicons in duplex. The 
fluorescence emission obtained at MT pos t.2 is a post-T m2 emission that 
corresponds to an emission amount of background when all amplicons become 
single stranded. The difference between the pre-T m2 emission and the post-T m2 
emission also corresponds to the emission amount of the second amplicon in 
duplex. 

[0023] Fig. 4 shows how fluorescence emission of a double stranded DNA dye is 

obtained at a measuring temperature (MT) between two immediately adjacent T m s 
in each cycle of a PCR reaction containing at least two amplicons. T m1 ,and T m2 , 
represent the T m sof the 1st and 2nd amplicons respectively. T A represents an 
annealing temperature; T E represents an extension temperature (T A and T E may 
be the same temperature); and T D represents a total denaturing temperature that 
denatures all of the amplicons. MTi represents a MT between T A /T E and T m i; 
MT 2 represents a MT between T m1 and T m2 (MT post-T m1 or a MT pre-T m2 ); and 
MT 3 represents a MT between T m2 and T D (MT post-T m2 ). The fluorescence 
emission obtained at MT-[ is a pre-T m i emission that corresponds to a total 
emission amount of both amplicons in duplex. The fluorescence emission 
obtained at MT 2 is a post-T m1 emission (or a pre-T m2 emission) that corresponds 
to an emission amount of the second amplicon in duplex. The difference between 
the pre-T m1 emission and the post-T m1 emission corresponds to the emission 
amount of the first amplicon in duplex. The fluorescence emission obtained at 
MT3 is a post-T m2 emission that corresponds to a background emission when all 
amplicons become single stranded. The difference between the pre-T m2 emission 
and the post-T m2 emission corresponds to the emission amount of the second 
amplicon in duplex. 
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[0024] Fig. 5 shows how fluorescence emission of a double stranded DNA dye is 

obtained at a measuring temperature (MT) between two immediately adjacent T m s 
in each cycle of a PCR reaction containing at least two amplicons. Fig. 5 is similar 
to Fig. 4 except that MT 3 is omitted. In this situation, the difference between the 
pre-Tmi emission and the post-T m i emission corresponds to the emission amount 
of the first amplicon in duplex. The fluorescence emission obtained at MT 2 is a 
post-T m i emission (or a pre-T m2 emission) which corresponds to an emission 
amount of the second amplicon in duplex. 

[0025] Fig. 6 shows how the emission amount of an amplicon in the presence of a 

double stranded DNA dye is obtained. T m1 represents the T m of the amplicon. T A 
represents an annealing temperature; T E represents an extension temperature (T A 
and T E may be the same temperature); and T D represents a total denaturing 
temperature that denatures all fragments of DNA. MT pre represents a MT below 
T m i or a MT pre-T m1 ; MT pos t represents a MT above T m1 or a MT post-T m1 . 
Fluorescence emission is obtained at MT pre (a pre-T m1 emission) and MT pos t (a 
post-T m i emission). The difference between the pre-T m1 emission and the post- 
Tmi emission corresponds to the emission amount of the amplicon in duplex. 

[0026] Fig. 7 shows a two-dimensional scheme that combines the use of multiple 

primer-based double stranded DNA dyes and multiple amplicons with various T m s. 
The first set of amplicons with T m s of T m1) T m2 , Tm {k -i), T mk , T m(k+1) , and T mn are 
amplified in the presence of primer-based double stranded dye I. The second set 
of amplicons with T m s of T' m1 , T m2 , T' m(k -i). T' mk , T' m(k+1) , and T' mn are amplified in 
the presence of primer-based double stranded dye II. The third set of amplicons 
with T m s of Tmi, T" m2l T m( k-i), T" mk , T m(k+ D, and T" mn are amplified in the 
presence of primer-based double stranded dye III. The fourth set of amplicons 
with T m s of T'"mi, TW, TVu, T'm k , T'" m ( k +i), and T'mnare amplified in the 
presence of primer-based double stranded dye IV. The xth set of amplicons with 
T m s of T x m i, T x m2 ,T X m( k -i), T x mk , T x m( k +i), and T x mn are amplified in the presence of 
primer-based double stranded dye X. When these dyes emit at different 
wavelengths, all of these amplicons can be amplified in a single PCR reaction and 
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measured at pertinent MTs and pertinent emission wavelengths. The emission 
amount of each amplicon can be obtained. Therefore, the total number of 
amplicons may become x * n. x, k and n are positive integers and 1 d k <n, 1 <x 
and 2 <n. 

[0027] Fig. 8 shows a melting curve of Amplicon I, the first negative derivative of 

the emission over temperature when a PCR reaction contains only Amplicon I. 
Amplicon I is a 125 base pair fragment of the FcERIG gene (GeneBank 
Accession Number NM_044106) amplified from a forward sequence (SEQ ID No. 
3) and a reverse sequence (SEQ ID No. 4). The peak of the curve corresponds to 
the T m of Amplicon I which is 81 .5 °C. 

[0028] Fig. 9 shows a melting curve of Amplicon II, the first negative derivative of 

the emission over temperature when a PCR reaction contains only Amplicon II. 
Amplicon II is a 375 base pair fragment of the Actin gene (GeneBank Accession 
Number NM_001101) amplified from a forward sequence (SEQ ID No. 1) and a 
reverse sequence (SEQ ID No. 2). The peak of the curve corresponds to the T m 
of Amplicon II which is 86.5 °C. 

[0029] Fig. 10 shows a melting curve of Amplicon I and II, the first negative 

derivative of the emission over temperature when a PCR reaction contains both 
amplicons. A pre-T m1 measuring temperature (MT) is set at 78 °C and a post-T m1 
MT is set at 84 °C. 

[0030] Fig. 1 1 shows a 2% agarose DNA gel used to visualize PCR products. 

Lane A: a PCR reaction containing Amplicon I only. Lane B: a PCR reaction 
containing Amplicon II only. Lane (A+B): a PCR reaction containing Amplicon I 
and Amplicon II. 

[0031] Fig. 12 shows standard and sample emission curves plotted over cycles in 

a PCR reaction containing only Amplicon I. The emission readings are obtained 
at 78 °C. The dotted curves represent the emission of standard Amplicon I at 
serial dilutions. The solid curves represent the emission of sample Amplicon I with 
theoretical values of 10.5 (the left solid line) and 1 .05 (the right solid line). 
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[0032] Fig. 13 shows the standard and sample emission curves in a PCR reaction 

containing only Amplicon I obtained at 84 °C. Since the measuring temperature 
(84 °C) is 2.5 °C higher than the T m of Amplicon I (81.5°C), no emission was 
detected. 

[0033] Fig. 14 shows the standard and sample emission curves in a PCR reaction 

containing only Amplicon II obtained at 78 °C. The dotted curves represent the 
emission of standard Amplicon II at serial dilutions. The solid curves represent 
the emission of sample Amplicon II with theoretical values of 836 (the left solid 
line) and 83.6 (the right solid line). 

[0034] Fig. 15 shows the standard and sample emission curves in a PCR reaction 

containing only Amplicon II obtained at 84 °C. Since the measuring temperature 
(84 °C) is 2.5°C lower than the T m of Amplicon II (86.5°C), emission readings 
were obtained. 

[0035] Fig. 16 shows the emission curves of the standard (dotted lines) and 

sample (solid lines) both amplicons (Amplicon I and Amplicon II) in a single PCR 

reaction obtained at 78 °C. 
[0036] Fig. 17 shows the emission curves of the standard (dotted lines) and 

sample (solid lines) both amplicons (Amplicon I and Amplicon II) in a single PCR 

reaction obtained at 84 °C. 
[0037] Fig. 18 shows the emission curves of standard (dotted lines) and sample 

(solid lines) Amplicon I obtained by subtracting the emission as shown in Fig. 17 

from the emission as shown in Fig. 16. 
[0038] Fig. 19 shows the software MQ_PCR which is an Add-in for Microsoft 

Excel. 

[0039] Fig. 20 show a dialog box displayed on a computer screen when the 

"Collate data" submenu is selected from the MQ_PCR. This box allows a user to 
open a csv file to process emission data. 

[0040] Fig. 21 shows the Experiment Definition box. This function is activated 

from the MQ_PCR once a csv file is opened and allows a user to subtract 
background from emission data. Alternatively, it allow a user to subtract a post-T m 
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emission from a pre- T m emission and generate the emission data or curves (Fig. 
18) of the amplicon with the T m . In Example VIII, the emission of Amplicon I was 
obtained as shown in Fig. 18. 
[0041] Fig. 22 shows further analysis of the standard and sample curves of 

Amplicon I (Fig. 18) using a manually movable Ct line and resultant Rsquare plot 
(or a regression plot). The analysis results in the values of sample Amplicon I and 
II respectively. 

[0042] Fig. 23 show a regression line (cDNA amount vs. cycle number) obtained 

from the standard curves shown in Fig. 16. 
[0043] Fig. 24 shows a regression line (cDNA amount vs. cycle number) obtained 

from the standard curves shown in Fig. 18. 

DETAILED DESCRIPTION 

[0044] One aspect of the invention is directed to methods for real-time monitoring 

and quantifying a plurality of nucleic acid templates in a single multiplex PCR 
reaction based upon the properties of at least one double stranded DNA dye and 
the melting temperatures of DNA fragments or amplicons which are amplified from 
the nucleic acid templates. 

[0045] As is well known in the art, double stranded DNA dyes, such as SYBR 

Green™ I and ethidium bromide, are commonly used as inexpensive fluorescent 
dyes for real-time PCR applications. However, these dyes emit indiscriminately in 
the presence of double stranded nucleic acids, including PCR artifacts such as 
primer-dimers and spurious amplification artifacts. In addition, double stranded 
DNA dyes only emit one wavelength of light, making it impossible to conduct 
multiplex PCR with color (or wavelengths of various dyes) as a basis for 
discrimination. Thus, as known to the art, the nonspecific nature and lack of 
multiplexing ability of double stranded DNA dyes have made them undesirable for 
use in multiplex real-time PCR. 

[0046] The melting temperature (T m ) of a fragment of double stranded nucleic 

acids is the temperature at which 50% of the fragment remains in double helix and 
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the other 50% unwinds or separates into two single stranded complementary 
chains. T m is affected by a number of factors, including but not limited to, salt 
concentration, DNA concentration, and the presence of denaturants, nucleic acid 
sequence, GC content, and length. Typically, each fragment of double stranded 
nucleic acids (e.g., amplicon) has a unique T m . At a temperature below a given 
T m at least 50% of amplicons with the T m remains intact in duplex. By contrast, at 
a temperature above a given T m , over 50% of the amplicons are expected to 
unwind into two single stranded nucleic acid chains. 

[0047] Combining the property of double stranded DNA dyes with the unique 

melting temperature of each amplicon has led to unexpected advantages of using 
these inexpensive dyes to conduct multiplex real-time PCR according to methods 
described in the present invention. When a PCR reaction temperature rises from 
the annealing and/or extension temperature to a denaturing temperature, the 
amplicon with the lowest T m unwinds first, the amplicon with a next higher T m 
separates next, and the amplicon with the highest T m denatures the last. 
Concurrently, the fluorescent emission of a double stranded DNA dye changes in 
proportion to the rising reaction temperature due to the incremental melting of the 
amplicons. The difference between two emissions, one taken at a measuring 
temperature below the T m of an amplicon when the amplicon remains in duplex 
and the other taken at a measuring temperature above the T m when the double 
stranded DNA of the amplicon unwinds, reflects the emission amount of the 
amplicon in duplex. The emission amount can be plotted over the number of 
cycles and the absolute or relative amount of the starting copy number or amount 
of the nucleic acid template can be determined by methods known in the art. By 
the same principle, it will be readily appreciated in the art that the emission 
amount for each amplicon in the single multiplex PCR reaction can be determined 
by the difference between the emission taken at a measuring temperature below a 
T m and the emission taken at a measuring temperature above the T m . 

[0048] Accordingly, one aspect of the invention is directed to a method for real- 

time monitoring and quantifying n amplicons comprising the steps of: (a) 
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determining the T m of each amplicon, (b) aligning T m s from low to high, wherein 
T m o (T A /T E , an annealing/extension temperature) < T m1 (the T m of the first 
amplicon) < T m2 <. .< T m(k .-,) < T mk (the T m of the kth amplicon) < T m(k+1) . . < T mn < 
T m (n+i)(T D , the total denaturing temperature), (c) measuring cycle by cycle a pre-T m 
emission of a double stranded DNA dye at a measuring temperature (MT) 
between T m (k-i) and T mk (or a pre-T mk MT) and a post-T m emission of a double 
strand DNA dye at a measuring temperature between T mk and T m(k+1) (or a post- 
T mk MT); (d) determining an emission difference of the Mh amplicon by subtracting 
the pre-T m emission from the post-T m emission (or wee versa), wherein k and n 
are positive integers and 1 <fc<a (See Fig. 1). The method further comprises a 
step of quantifying an amount for the /cth through, for example, plotting the 
emission difference as a function of the number of cycles. In a preferred 
embodiment of the invention, only one emission is obtained at a measuring 
temperature between every two immediately adjacent T m s, wherein a pre-T mk MT 
and a post-TmjM) MT merge into one MT (See Fig. 2). 
[0049] Another aspect of the present invention is directed to a method of real-time 

monitoring and quantifying a first nucleic acid template of a first T m and a second 
nucleic acid template of a second T m comprising the steps of (a) determining the 
first T m and the second T m ; (b) thermally cycling a PCR reaction comprising a 
thermostable polymerase, nucleic acid templates, primers to form a first amplicon 
from the first nucleic acid template and a second amplicon from the second 
nucleic acid template, and a double stranded DNA dye; (c) measuring cycle by 
cycle a first pre-Tm emission of a double stranded DNA dye at a temperature 
below the first T m of an amplicon and a first post-Tm emission of the double 
stranded DNA dye at a temperature above the first T m ; (d) measuring cycle by 
cycle a second pre-T m emission of a double stranded DNA dye at a temperature 
below the second T m and a second post-Tm emission of the double strand DNA 
dye at a temperature above the second T m ; (e) determining a first emission 
difference by subtracting the first pre-Tm emission from the first post-Tm 
emission; and (f) determining a second emission difference by subtracting the 
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second pre-Tm emission from the second post-T m emission (See Fig. 3). The 
method further comprises a step of quantifying the amount of the first nucleic acid 
template based on the first emission difference and the amount of the second 
nucleic acid template based on the second emission difference. 

[0050] In a preferred embodiment, if the first T m is less than the second T m , the 

temperature above the first T m and the temperature below the second T m can be 
merged into one temperature which becomes a MT between the first T m and the 
second T m (See Fig. 4). In a more preferred embodiment, if the first T m is less 
than second T m , measuring the second post-T m emission may be omitted, and the 
second post-T m emission may be defined as zero (See Fig. 5). 

[0051] Another aspect of the present invention is directed to a method of real-time 

monitoring and quantifying a plurality of nucleic acid template comprises the steps 
of: (a) thermally cycling a PCR mixture comprising a thermostable polymerase, the 
template nucleic acids, primers to form at least one amplicon from the template 
nucleic acids, and a double stranded DNA dye, (b) measuring cycle by cycle a 
pre-T m emission of a double stranded DNA dye at a measuring temperature below 
a T m of an amplicon and a post-T m emission of the double stranded DNA dye at a 
measuring temperature above the T m , and (c) determining an emission amount of 
the amplicon which is the difference between the pre-T m emission and the post-T m 
emission (See Fig. 6). The method further comprises the steps of quantifying an 
amount for the amplicon or the starting amount of the nucleic acid template by 
plotting the emission amount as a function of the number of cycles. 

[0052] DOUBLE STRANDED DNA DYES. The term "double stranded DNA dye" 

used herein refers to a fluorescent dye that (1) is related to a fragment of DNA or 
an amplicon and (2) emits at a different wavelength in the presence of an 
amplicon in duplex formation than in the presence of the amplicon in separation. 
A double stranded DNA dye can be a double stranded DNA intercalating dye or a 
primer-based double stranded DNA dye. 

[0053] A double stranded DNA intercalating dye is not covalently linked to a 

primer, an amplicon or a nucleic acid template. The dye increases its emission in 
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the presence of double stranded DNA and decreases its emission when duplex 
DNA unwinds. Examples include, but are not limited to, ethidium bromide, YO- 
PRO-1, Hoechst 33258, SYBR Gold, and SYBR Green I. Ethidium bromide is a 
fluorescent chemical that intercalates between base pairs in a double stranded 
DNA fragment and is commonly used to detect DNA following gel electrophoresis. 
When excited by ultraviolet light between 254 nm and 366 nm, it emits fluorescent 
light at 590 nm. The DNA-ethidium bromide complex produces about 50 times 
more fluorescence than ethidium bromide in the presence of single stranded DNA. 
SYBR Green I is excited at 497 nm and emits at 520 nm. The fluorescence 
intensity of SYBR Green I increases over 100 fold upon binding to double 
stranded DNA against single stranded DNA. An alternative to SYBR Green I is 
SYBR Gold introduced by Molecular Probes Inc. Similar to SYBR Green I, the 
fluorescence emission of SYBR Gold enhances in the presence of DNA in duplex 
and decreases when double stranded DNA unwinds. However, SYBR Gold's 
excitation peak is at 495nm and the emission peak is at 537nm. SYBR Gold 
reportedly appears more stable than SYBR Green I. Hoechst 33258 is a known 
bisbenzimide double stranded DNA dye that binds to the AT rich regions of DNA 
in duplex. Hoechst 33258 excites at 350nm and emits at 450nm. YO-PRO-1, 
exciting at 450nm and emitting at 550nm, has been reported to be a double 
stranded DNA specific dye. In a preferred embodiment of the present invention, 
the double stranded DNA dye is SYBR Green I. 
[0054] A primer-based double stranded DNA dye is covalently linked to a primer 

and either increases or decreases fluorescence emission when amplicons form a 
duplex structure. Increased fluorescence emission is observed when a primer- 
based double stranded DNA dye is attached close to the 3' end of a primer and 
the primer terminal base is either dG or dC. The dye is quenched in the proximity 
of terminal dC-dG and dG-dC base pairs and dequenched as a result of duplex 
formation of the amplicon when the dye is located internally at least 6 nucleotides 
away from the ends of the primer. The dequenching results in a substantial 
increase in fluorescence emission. Examples of these type of dyes include but 
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are not limited to fluorescein (exciting at 488nm and emitting at 530nm), FAM 
(exciting at 494nm and emitting at 518nm), JOE (exciting at 527 and emitting at 
548), HEX (exciting at 535nm and emitting at 556nm), TET (exciting at 521 nm 
and emitting at 536nm), Alexa Fluor 594 (exciting at 590nm and emitting at 
615nm), ROX (exciting at 575nm and emitting at 602nm), and TAMRA (exciting at 
555nm and emitting at 580nm). In contrast, some primer-based double stranded 
DNA dyes decrease their emission in the presence of double stranded DNA 
against single stranded DNA. Examples include, but are not limited to, fluorescein 
(exciting at 488nm and emitting at 530nm), rhodamine, and BODIPY-FI (exciting 
at 504nm and emitting at 513nm). These dyes are usually covalently conjugated 
to a primer at the 5' terminal dC or dG and emit less fluorescence when amplicons 
are in duplex. It is believed that the decrease of fluorescence upon the formation 
of duplex is due to the quenching of guanosine in the complementary strand in 
close proximity to the dye or the quenching of the terminal dC-dG base pairs. 
[0055] NUMBER OF AMPLICONS. The term "n" used herein refers to the total 

number of nucleic acid templates that can be amplified and quantified by applying 
the methods as described in the present invention. When only one double 
stranded DNA dye is added to a PCR mixture, n is an integer and 2 <n <35, 
preferably, 2 <n <18, more preferably, 2 <n <10, even more preferably, 2 <n <7, 
and most preferably, 2 <n <5. In another preferred embodiment, "n" is 2, 3, 4, 5, 
6, 7, 8, 9, or 10. If emission of various double stranded DNA dyes does not 
overlap, it is contemplated within the scope of this invention that more than one 
double stranded DNA dye can be used in a single PCR mixture. For example, a 
number of primer-based double stranded DNA dyes can be combined in a single 
PCR reaction or can be further combined with a double stranded DNA 
intercalating dye, as long as these dyes emit at different wavelengths. However, 
two double stranded DNA intercalating dyes may not be combined in a single PCR 
mixture. When x number of dyes are combined in a single PCR mixture, where x 
is an integer and x >2, it is contemplated that the total number of nucleic acid 
templates in a single PCR reaction is an integer and 2 ^n <35x, preferably, 2 <n < 
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18x, more preferably, 2 <n <10x, even more preferably, 2<n <7x, and most 
preferably, 2 <n <5x (See Fig. 7). 

[0056] MELTING TEMPERATURE (T m ). The term "melting temperature" or "T m " 

refers to the temperature at which 50% of a given amplicon is in the double 
stranded conformation and 50% is in the single stranded conformation. T m of any 
given DNA fragment or amplicon can be determined by methods well known in the 
art. For example, one method in the art to determine a T m of a DNA fragment or 
an amplicon is to use a thermostatic cell in an ultraviolet spectrophotometer and 
measure absorbance at 268nm as temperature slowly rises. The absorbance 
versus temperature is plotted, presenting an S-shape curve with two plateaus. 
The absorbance reading half way between the two plateaus corresponds to the T m 
of the fragment or amplicon. Alternatively, the first negative derivative of the 
absorbance versus temperature is plotted, presenting a normal distribution curve. 
The peak of the normal curve corresponds to the T m of the fragment or amplicon. 

10057] In a preferred embodiment, a calculation method commonly known as the 

nearest neighbor method can be used to determine the T m of an amplicon. The 
nearest neighbor method takes into account the actual sequence of the amplicon, 
its length, base composition, salt concentration, entropy, and concentration. The 
algorithm for the nearest neighbor method is expressed as the following equation: 
T m = (1000AH)/A + AS + R*ln(C/4) - 273.15 + 16.6 log[Na+] 

[0058] In this equation, AH (Kcal.mol) represents the sum of the nearest neighbor 

enthalpy changes for a duplex. "A" is a constant containing corrections for helix 
initiation. AS is the sum of the nearest neighbor entropy changes. R is the Gas 
Constant which is 1.99 cal K' 1 mol" 1 . C is the concentration of the amplicon. [Na+] 
is the concentration of monovalent salt. The T m based on the nearest neighbor 
method can often be calculated using software programs, which are readily 
available in the websites of, for example, the University of California Berkeley, 
Northwestern University, and Hoffman-La Roche Ltd. (e.g., 
www. cnr.berkeley.edu/~zimmer/oligoTMcalc .html; 
www . basic . nwu . edu/biotools/oligocalc . html ; 
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biochem. roche.com/fst/products. htm? /benchmate) . These examples 
of software are well known to the art and readily available in public domain. 

[0059] In another preferred embodiment, the T m of an amplicon or T m s of multiple 

amplicons can be first determined by the nearest neighbor method and fine tuned 
or accurately determined in the presence of a double stranded DNA dye in a 
single PCR reaction. For example, a thermostable polymerase, nucleic acid 
templates for an amplicon or multiple amplicons, primers for the amplicons, a 
double stranded DNA dyes like SYBR Green I, and other necessary reagents are 
placed in a single PCR mixture. The PCR mixture is thermally cycled to amplify 
the amplicons for a number of cycles between a total denaturing temperature, an 
annealing temperature and/or an extension temperature. At the end of the PCR 
cycles, the mixture is heated from the annealing or extension temperature to the 
total denaturing temperature at a rate of 0.01 °C - 3°C per second. At the same 
time, the mixture is illuminated with light at a wavelength absorbed by the dye and 
the dye's emission is detected and recorded as an emission reading. The first 
negative derivative of the emission reading with respect to temperature is plotted 
against temperature to form a number of normal curves, and each peak of the 
curve corresponds to the actual T m of an amplicon in the PCR reaction. 

[0060] MEASURING TEMPERATURES. The term "measuring temperature" or 

"MT" refers to the temperature at which an emission reading of a double stranded 
DNA dye is taken cycle by cycle to determine the emission amount of an 
amplicon. When a total of n amplicons are amplified in a PCR reaction, T m0 (the 
annealing and/or extension temperature) < T m i (the T m of the first amplicon) < T m2 
<• •< T m(k .i) < T mk (the T m of the /cth amplicon) < T m(k+ u . . < T mn < T m(n+ i)(the total 
denaturing temperature), and 1 <k <n, the Wh emission amount for the Wh 
amplicon is determined cycle by cycle by the difference between a pre-T mk 
emission of a double stranded DNA dye and a post-T mk emission. The pre-T mk 
emission is monitored and detected at a pre-T mk MT which is a measuring 
temperature below the T mk or between the T^.-,) and the T mk . The post-T mk 
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emission is monitored and detected at a pre-T mk MT which is a measuring 
temperature above the T mk or between the T mk and the T m(k+ i). 

[0061] Alternatively, emission is measured at a measuring temperature (MT) 

between two immediately adjacent T m s, where the extension temperature is T m0 
and is immediately adjacent to T m i, and the denaturing temperature is T m(n+1) and 
is immediately adjacent to T mn . 

[0062] In a preferred embodiment, "an MT below the T mk " or "an MT between 

T m(k .D and the T mk " refers to T m(k .i) < MT< T mk -0.25°C. In another preferred 
embodiment, the MTs are T m(k -i) < MT< T mk -0.5°C. In another preferred 
embodiment, the MT is T m(k .D < MT< T mk -1.0°C. In another preferred 
embodiment, the MT is T m(k .-i) < MT< T mk -1 .5°C. In another preferred 
embodiment, the MT is T^-d < MT< T mk -2.0°C. 

[0063] In yet another preferred embodiment, "an MT above the T m ( k .u" or "an MT 

between T m(k .D and the T mk " is T m(k .D +0.25°C< MT< T mk In another preferred 
embodiment, the MT is T m(k .i) +0.5°C< MT< T mk In another preferred 
embodiment, the MT is T m( M) +1 .0°C< MT< T mk In another preferred 
embodiment, the MT is T m(k .i) +1 .5°C< MT< T mk . In another preferred 
embodiment, the MT is T m(k .i) +2.0°C< MT< T mk 

[0064] In yet another preferred embodiment, "an MT between two immediately 

adjacent T m s" or "an MT between T m(k .-i) and the T mk " is T m(k .D + 0.25°C< MT< 
T mk -0.25°C. In another preferred embodiment, the MT is T m(k .i) + 0.5°C< MT< 
T mk - 0.5°C. In another preferred embodiment, the MT is T m(k .i) + 1 .0°C< MT< 
T mk - 1 .0°C. In another preferred embodiment, the MT is T m(k .i) + 1 .5°C < MT < 
T mk - 1.5°C. In another preferred embodiment, the MT is T m{k .i) +2.0°C< MT< T mk 
- 2.0°C. 

[0065] In yet another embodiment, the difference between two immediately 

adjacent T m s, for example, the difference between T m ( k .i) and T mk , is no less than 
0.5 °C, preferably no less than 1 °C, more preferably no less than 2 °C, even 
more preferably no less than 3°C, and most preferably no less than 4°C. 
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[0066] The term "an MT pre -k", "an MT pre-T mk " or "a pre-T mk MT" used herein is 

interchangeable with the term "an MT below the T mk ". The term "an MTp 0S t-k", "an 
MT post-T mk " or "a post-T mk MT" used herein is interchangeable with the term "an 
MT above the T mk ". It can be appreciated that "an MT between two immediately 
adjacent T m s" or "an MT between T m(k -D and the T mk " or "an MT k " or "an MT be tween" 
can be viewed as "an MT above the T m(k .i)" and "an MT below the T mk ". 

[0067] Since the first negative derivative of an amplicon's melting emission with 

respect to temperature is plotted to form a normal distribution curve, an ordinary 
person skilled in the field of statistics would readily define a MT at which a 
percentage of the total number of a given amplicon is in duplex or in separation. 
Accordingly, a measuring temperature below a T m (a pre-T m MT) is a temperature 
at which 60% of the total number of an amplicon is in duplex (double stranded 
form). In a preferred embodiment, a pre-T m MT is a temperature at which 75% of 
the total number of an amplicon is in duplex. In another preferred embodiment, a 
pre-T m MT is a temperature at which 85% of the total number of an amplicon is in 
duplex. In another preferred embodiment, a pre-T m MT is a temperature at which 
90% of the total number of an amplicon is in duplex. In another preferred 
embodiment, a pre-T m MT is a temperature at which 95% of the total number of an 
amplicon is in duplex. In another preferred embodiment, a pre-T m MT is a 
temperature at which 99% of the total number of an amplicon is in duplex. 

[0068] By the same token, a measuring temperature above a T m (a post-T m MT) is 

a temperature at which 60% of the total number of an amplicon is in separation 
(single stranded form). In a preferred embodiment, a post-T m MT is a temperature 
at which 75% of the total number of an amplicon is in separation. In another 
preferred embodiment, a post-T m MT is a temperature at which 85% of the total 
number of an amplicon is in separation. In another preferred embodiment, a post- 
Tm MT is a temperature at which 90% of the total number of an amplicon is in 
separation. In another preferred embodiment, a post-T m MT is a temperature at 
which 95% of the total number of an amplicon is in separation. In another 
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preferred embodiment, a post-T m MT is a temperature at which 99% of the total 
number of an amplicon is in separation. 

[0069] A measuring temperature between two immediately adjacent T m s (an 

MTbetween), for example, a first T m i for a first amplicon and a second T m2 for a 
second amplicon, wherein T m i < T m2 , is a temperature at which 60% of the first 
amplicon is in separation and 60% of the second amplicon is in duplex. In a 
preferred embodiment, an MT be tween is a temperature at which 75% of the first 
amplicon is in separation and 75% of the second amplicon is in duplex. In another 
preferred embodiment, an MT bet ween is a temperature at which 85% of the first 
amplicon is in separation and 85% of the second amplicon is in duplex. In another 
preferred embodiment, an MT be tween is a temperature at which 90% of the first 
amplicon is in separation and 90% of the second amplicon is in duplex. In another 
preferred embodiment, an MT be tween is a temperature at which 95% of the first 
amplicon is in separation and 95% of the second amplicon is in duplex. In another 
preferred embodiment, an MT bet ween is a temperature at which 99% of the first 
amplicon is in separation and 99% of the second amplicon is in duplex. 

[0070] EMISSION MEASUREMENT. The emission of a double stranded DNA dye 

is obtained, detected or recorded cycle by cycle in a PCR reaction after a PCR 
mixture is illuminated or excited by light with a wavelength absorbed by the dye. 
The term "cycle by cycle" refers to measurement in each cycle. The emission 
reading at a measuring temperature is taken to calculate the emission amount of 
an amplicon in a cycle. It is contemplated that emission can be detected, 
recorded, or obtained continuously or intermittently. 

[0071] In a continuous recording process, the emission of the double stranded 

DNA dye is monitored and recorded, for example, every 50ms, every 100ms, 
every 200ms or every 1s, in each cycle of a PCR reaction. A three dimensional 
plot of time, temperature and emission can be formed. In any given cycle, the 
emission reading at a time point that corresponds to a desired MT is taken to 
determine the emission amount of the amplicon in the cycle. 
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[0072] In an intermittent recording process, the emission reading is taken only 

when the reaction temperature reaches a desired MT in each cycle. In a preferred 
embodiment, when a measuring temperature is reached, the PCR reaction is kept 
at the MT for 0.5s to 20s, preferably 1s to 10s; the emission reading is obtained, 
measured or recorded thereafter; and the temperature continues to rise in the 
PCR reaction. 

[0073] The term "pre-T m emission" refers to the emission reading measured, 

recorded or obtained at a pre-T m MT. The term "post-T m emission" refers to the 
emission reading measured, recorded or obtained at a post-T m MT. 

[0074] The difference between a pre-T m emission and a post-T m emission 

represents an emission amount of the amplicon with the T m in a cycle. The 
emission amount of an amplicon reflects the change of the amplicon from duplex 
to separation. For example, when a pre-T m emission is measured at a pre-T m MT 
at which 99% of an amplicon is in duplex and a post-T m emission is measured at a 
post-T m MT at which 99% of the amplicon is in separation, the difference 
represents close to 100% of the emission of the amplicon in duplex. By the same 
token, when a pre-T m emission is measured at a measuring temperature at which 
75% of an amplicon is in duplex and a post-T m emission is measured at a post-T m 
MT at which 75% of the amplicon is in separation (25% in duplex), the difference 
represents close to 50% of the emission of the amplicon in duplex. 

[0075] THERMAL CYCLING OF A PCR REACTION. By monitoring and 

measuring the emission of a double stranded DNA dye cycle by cycle, a PCR 
mixture is thermally cycled in a PCR instrument. 

[0076] The term "thermally cycling," "thermal cycling", "thermal cycles" or "thermal 

cycle" refers to repeated cycles of temperature changes from a total denaturing 
temperature (T D ), to an annealing temperature (T A ), to an extension temperature 
(T E ) and back to the total denaturing temperature (T D ). The terms also refer to 
repeated cycles of a denaturing temperature (T D ) and an extension temperature 
(Te), where the annealing and extension temperatures are combined into one 
temperature (T A /T E ), a process known as rapid cycle PCR in the art. A total 
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denaturing temperature (T D ) unwinds all double stranded amplicons into single 
strands. An annealing temperature (T A ) allows a primer to hybridize or anneal to 
the complementary sequence of a separated strand of a nucleic acid template or 
an amplicon. The extension temperature (Te) allows the synthesis of a nascent 
DNA strand of the amplicon. Typically, T D is between 92°C and 96°C, preferably 
between 94°C and 95°C. T A is between 33°C and 70°C, preferably between 
45°C and 65°C. T E is between 45°C and 80°C, preferably between 55°C and 
75°C. 

[0077] The term "PCR mixture" used herein refers to a mixture of components 

necessary to amplify at least one amplicon from nucleic acid templates through 
thermal cycling. The mixture may comprise nucleotides (dNTPs), a thermostable 
polymerase, primers, and a plurality of nucleic acid templates. The mixture may 
further comprise a Tris buffer, a monovalent salt, and Mg 2+ . The PCR mixture 
may further comprise (1) non-acetylated bovine serum albumin to prevent 
chelation of the thermostable polymerase or nucleic acid templates and/or (2) 
glycerol as a stabilizer. The concentration of each component is well known in the 
art and can be further optimized by an ordinary skilled artisan. 

[0078] The term "nucleic acid template" used herein refers to phosphate- 

deoxyribose polymer linked by phosphodiester bonds with purine and pyrimidine 
bases as side groups. The nucleic acid template may be double stranded or 
single stranded. A double stranded nucleic acid template may be obtained from 
DNA of virus, prokaryotes and eukaryotes, based on methods well known in the 
art. A single stranded nucleic acid template may be obtained from single stranded 
DNA (virus) or from messenger RNAs (mRNA) reverse transcribed into 
complementary DNA (cDNA). Reverse transcription of mRNA and the use of 
resulting cDNA in PCR are well known in the art. 

[0079] The term "primer" used herein refers to an oligonucleotide with a length of 

12 to 30 nucleotides, preferably 18 to 24 nucleotides. To amplify an amplicon 
from a nucleic acid template in PCR, two primers (a "forward primer" and a 
"reverse primer") are designed to be complementary to two separate sequences in 
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the nucleic acid template wherein the two sequences flank the amplicon. The 
length, sequence, and concentration of primers used in a PCR mixture can be 
determined and optimized by an ordinary skilled artisan. 
[0080] When a double stranded DNA intercalating dye is used in the methods of 

the present invention, it is usually not necessary to label a primer with another 
dye. However, it is considered within the scope of the invention that a primer can 
be designed to contain a hairpin structure similar to a Molecular Beacon, a 
reporter dye, or a quencher dye, as long as the reporter dye emits at a different 
wavelength from the double stranded DNA intercalating dye. The amplicon 
amplified from the reporter dye-linked primer can be individually analyzed and 
quantified. 

[0081] When a double stranded DNA dye is primer-based, then primers should be 

designed and covalently linked to the dye at a specific nucleotide or location in the 
primer as above mentioned. 

[0082] Often one pair of primers is used to amplify one amplicon. However, it is 

contemplated in the present invention that one pair of primers can be used to 
amplify, detect and quantify more than one nucleic acid template, particularly in 
the case where the nucleic acid template contains mutations (alternations, one or 
more nucleotide substitution, deletions, or additions ) in the sequence between the 
two primers. A well known equation used to predict changes in T m (AT m ) includes 
AT m =0.41 (%GC) if the length of two amplicons remains the same, and AT m = 
500/l_i-500/L 2 if the GC content is constant, wherein "%GC" refers to a 
percentage change of the GC content and Li x L 2 refer to the length of a first 
amplicon and a second amplicon, respectively. It will be readily appreciated that 
mutations occurring between the pair of primers in the nucleic acid templates will 
be reflected in the difference in T m s that can be detected and quantified within the 
scope of the present invention. It is considered within the scope of the present 
invention that one pair of primers in the present invention can be used to discover 
unknown mutations in the sequence of nucleic acid templates flanked by the 
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primers, since the amplicon with a mutated sequence may reveal a T m different 
from that of the wild-type sequence. 

[0083] In a preferred embodiment of the present invention, the ability of one pair of 

primers to detect and quantify more than one amplicon with different T m s is useful 
in identifying and quantifying highly variable regions of a nucleic acid template 
subject to frequent mutation. It is also useful in detecting and quantifying nucleic 
acid templates with alternative gene splicing occurring in a region between the 
primers. Moreover, it is useful in detecting and quantifying single nucleotide 
polymorphisms (SNPs) in nucleic acid templates. SNPs comprise the most 
abundant category of DNA sequence variation, occurring at a rate of about 1 per 
500 nucleotides in coding sequences and at a higher rate in non-coding 
sequences. SNPs are amenable for high-throughput genotyping with, for 
example, DNA arrays and mass spectrometry. The difference in T m (AT m ) 
between a homoduplex (two single strands that are in perfect match) and a 
heterodulex (two single strands that are not in perfect match) amplicon of 100 - 
150 base pairs differing by only a single nucleotide substitution is reportedly 1- 
5°C. By the same token, the difference in T m among the homoduplex of a wild- 
type amplicon, the homoduplex of a mutant amplicon, and the heteroduplex of the 
two amplicons can be distinguished and utilized for quantifying the three 
amplicons according to the methods provided in the present invention. 

[0084] The term "amplicon" refers to a fragment of DNA amplified from a 

thermostable polymerase using a pair of primers (a forward primer and a reverse 
primer) in PCR. As mentioned, a pair of primers may produce more than one 
fragment of DNA if the nucleic acid templates contain mutant and wild-type 
sequences. Each amplicon has its specific sequence, length, and T m . In a 
preferred embodiment, the length of the amplicon is from 50 base pairs to 1000 
base pairs, more preferably from 80 base pairs to 500 base pairs. It is 
contemplated that primer pairs can be designed according to methods known in 
the art so that amplicons flanked by primer pairs have different T m s. 



[41743-8001/LA032110.024.024] 



-28- 



EXPRESS MAIL NO. EV254990873US Attorney Docket No. 41743.8001 .US00 

[0085] It is contemplated that a PCR mixture of the present invention may further 

include one or more fluorescence resonance energy transfer (FRET) based 
probes. FRET based probes are well known in the art and include, for example, 
Taqman probes, double-dye oligonucleotide probes, Eclipse probes, Molecular 
Beacon probes, Scorpion probes, Hybridization probes, ResonSense probes, 
Light-up probes, Hy-Beacon probes. A FRET probe may be used to specifically 
analyze one or more amplicons among a plurality of amplicons, distinguish two 
amplicons with substantially the same T m , further increase the number of 
amplicons in a single PCR reaction, and analyze and quantify a plurality of 
amplicons in a two dimensional multiplex system comprising multiple wavelength 
emission and multiple T m s. When a FRET based probe is used, an amplicon may 
further comprise a reporter dye covalently linked to the amplicon through the 
probe wherein the reporter dye is not a double stranded DNA dye. It is also 
contemplated that an amplicon may comprise a peptide nucleic acid to which a 
FRET based dye is tethered. 

[0086] Thermal-cycling of a PCR mixture is performed in a PCR instrument. PCR 

instruments that may be used herein include the Smart Cycler System, the Idaho 
Rapid Cycler, the Carbett Roter-Gene System, the GeneAmp 5700 Sequence 
Detection System, the ABI Prism7000, 7700 & 7900 Sequence Detection 
Systems, the iCycler System, the MX-4000 Multiplex Quantitative PCR System, 
the DNA Engine Opticon System, and MJ Research's DNA Engine Opticon 
System. 

[0087] QUANTIFICATION OF AMPLICONS OR NUCLEIC ACID TEMPLATES. 

[0088] As a PCR mixture undergoes thermal cycling, the emission amount of an 

amplicon (the difference between a pre-T m and a post-T m emission readings for 
the amplicon) is recorded and plotted over the number of cycles to form an 
emission versus cycle plot. In the initial cycles, there is little change in the 
emission amount that appears to be a baseline or a plateau in the plot. As 
thermal cycling continues, an increase in emission amount above the baseline 
may be expected to be observed, which indicates that the amplified amplicon has 

[41 743-8001/LA0321 1 0.024.024] -29- 



EXPRESS MAIL NO. EV254990873US 



Attorney Docket No. 41 743.8001. USOO 



accumulated to the extent that fluorescence emission of a double stranded dye in 
the presence of the amplicon exceeds the detection threshold of a PCR 
instrument. An exponential increase in emission amount initiates the exponential 
phase and eventually reaches another plateau when one of the components in the 
PCR mixture becomes limiting. The plotting usually produces an S-shape curve 
with two plateaus at both ends and an exponential phase in the middle. In the 
exponential phase, the emission amount of the amplicon is increasing by (1+E) 
fold over the previous amount of each cycle, wherein E is the efficiency of 
amplification, which ideally should be 100% or 1. It is commonly known that the 
higher the starting amount of the nucleic acid template from which an amplicon is 
amplified, the earlier an increase over baseline is observed. As is well known in 
the art, the emission versus cycle plot provides significant information for attaining 
the initial copy number or amount of the nucleic acid template. 
[0089] As known in the field of real-time PCR, the unknown amount of a nucleic 

acid template is quantified by comparing the emission versus cycle plot of the 
template (or the amplicon) with standardized plots. The standard plots are formed 
when a known nucleic acid template is purified, quantitated and then diluted into 
several orders of magnitude (for example, 10°, 10" 1 , 10" 2 , 10" 3 , 10" 4 , 10" 5 ). Each 
dilution of the template is placed into a separate PCR mixture for thermal cycling. 
The emission amount of each dilution is plotted onto the same graph which shows 
a multiple of S-shaped curves ("standard plots") with the exponential phase of the 
highest starting amount of the template occurring the earliest in thermal cycling 
and the lowest amount appearing the last. A fix emission line or a cycle threshold 
line can be set horizontally above the baseline of the S-curves to intersect with the 
S-shaped curves. The threshold cycle (C t ) is the value of the x-axis (the number 
of cycles) at which the cycle threshold line intersects one of the S-shaped curves. 
The logarithm of each initial diluted amount for the set of standard plots is plotted 
with respect to its corresponding C T , forming a near perfect straight line. This line 
is a regression line with a regression square (R Square) substantially close to 1 . 
To calculate the C t of the sample template of interest, the sample template 
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emission versus cycle plot is superimposed upon the standard plots and the C T of 
the template is obtained where the fix emission line intersects. The C T of the 
template is then compared to the regression line and the starting copy number or 
amount of the template is obtained. 

[0090] In one embodiment of the present invention, when a plurality of nucleic acid 

templates are amplified to form a plurality of amplicons, each amplicon is 
preferably compared with a standard curve formed by the same amplicon. The 
amplicon that is used to form a standard curve can be obtained through PCR or 
can be synthesized. A single amplicon per dilution per PCR mixture can be used 
to form the standard curve. Preferably, at each dilution, a plurality of amplicons 
are placed in a single PCR mixture and emission readings of each amplicon can 
be measured and plotted to form a standard curve based on methods described in 
the present invention. 

[0091] The starting amount of a nucleic acid template in a sample can also be 

determined by normalizing the template to a house keeper gene or a normalizer in 
relative relationship to a calibrator without using a standard curve. For example, 
GAPHD (glyceraldehyde 3-phosphate dehydrogenase) and yff-actin are commonly 
regarded a suitable house keeper nucleic acid templates or normalizer templates 
due to their abundance and constant levels of expression. The calibrator can be 
an untreated sample or a specific cell, tissue or organ used for the normalization 
of treated samples or targeted cells. If the efficiency of the amplification for both 
an amplicon and the normalizer is presumed to be 1 , then the relative starting 
amount of the nucleic acid template (the amplicon), normalized to the normalizer 
and relative to the calibrator, equals to 2 ~ m:T , wherein AAC T = AC T of the sample - 
AC T of the calibrator and AC T = the normalizer C T - the nucleic acid template C T . 

[0092] Often, the amplification efficiency of each amplicon differs. The efficiency 

for an amplicon in a PCR reaction can be determined from the following efficiency 
equation: 

[0093] E=(Emission A /Emission B ) 1/(CT,A ~ CT ' B) -1 
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[0094] EmissioriA and Emission B are two emission readings taken at point A and B 

in the exponential phase of the S-shape curve of the amplicon. C T , a and C T , b are 
corresponding C T s of points A and B. If follows that the relative amount of the 
nucleic acid template when normalized to the normalizer, relative to the calibrator, 
and corrected by amplification efficiency, equals to: 

[0095] E Tem p late ^Wfc) / E Normalizer ^W'^) wherein ACT = calibrator C T - 

template C T . E Template refers to the amplification efficiency of the nucleic acid 
template (its corresponding amplicon). E Normalizer refers to the amplification 
efficiency of a normalizer. 

[0096] Other algorithms commonly used to quantify the amount of an amplicon 

can be found in www.wzw.tum.de/aene-quantification/index.shtml . 

[0097] In one embodiment of the present invention, a plurality of nucleic acid 

templates of interest are amplified and quantified in a single PCR mixture. The 
starting amount of each nucleic acid template can be simultaneously calculated 
and normalized to a normalizer. It is also contemplated that a plurality of nucleic 
acid templates and a normalizer template can be monitored and amplified in the 
same PCR reaction. It is further contemplated that more than one housekeeper 
template or normalizer can be amplified along with multiple nucleic acid templates 
in a single PCR reaction. It is further contemplated that the relative amount 
among these templates or the ratios between or among these templates can be 
determined from a single PCR mixture. 

[0098] In a preferred embodiment of the present invention, a method or software 

for expediting and optimizing the formation of a standard curve comprises: (a) a 
computer program code for forming a movable scroll bar in Microsoft Excel, (b) a 
computer program code for determining threshold cycle (C T ) number when the 
scroll bar is manually placed across curves in an emission over cycle plot, and (c) 
a computer program code for translating the threshold cycle number and the 
logarithm of initial amounts of nucleic acids template into a regression curve. 

[0099] The scroll bar developed herein refers to a cycle threshold line as 

mentioned earlier, which is set above the baseline of S-curves in a standard plot. 
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In one embodiment of the present invention, the scroll bar can be moved up and 
down in the exponential phase of S-shape curves of plots and each C T value 
intersected with the scroll bar is detected and automatically recorded. In the 
meantime, the logarithm of the known amount versus C T value is automatically 
plotted as a standard curve, and RSquare is automatically calculated. 
Simultaneously, the C T s of one or more amplicons with unknown amount is 
determined when the scroll bar passes and each amplicon's amount is calculated 
automatically from the standard curve. It can be readily appreciated that this 
method or software easily allows a user to select the best possible standard curve 
with the highest possible RSquare at a fingertip and save the user a significant 
amount of time. For an example of this method, see Fig. 21 . 

[00100] COMPUTER PROGRAM AND/OR PRODUCT. Generally, the difference 

between a pre-T m emission and a post-T m emission can be calculated manually by 
subtracting a pre-T m emission from a post-T m emission, or wee versa, once the 
emission values are acquired through a PCR instrument. However, it is frequently 
desirable to automate the calculation through the use of a computer system. 

[00101] A computer system according to the present invention refers to a computer 

or a computer readable medium designed and configured to perform some or all 
of the methods as described herein. A computer used herein may be any of a 
variety of types of general-purpose computers such as a personal computer, 
network server, workstation, or other computer platform now or later developed. 
As commonly known in the art, a computer typically contains some or all the 
following components, for example, a processor, an operating system, a computer 
memory, an input device, and an output device. A computer may further contain 
other components such as a cache memory, a data backup unit, and many other 
devices. It will be understood by those skilled in the relevant art that there are 
many possible configurations of the components of a computer. 

[00102] A processor used herein may include one or more microprocessor(s), field 

programmable logic arrays(s), or one or more application specific integrated 
circuit(s). Illustrative processors include, but are not limited to, Intel Corp's 
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Pentium series processors, Sun Microsystems' SPARC processors, Motorola 
Corp.'s PowerPC processors, MIPS Technologies Inc.'s MIPs processors, and 
Xilinx Inc.'s Vertex series of field programmable logic arrays, and other processors 
that are or will become available. 

[00103] A operating system used herein comprises machine code that, once 

executed by a processor, coordinates and executes functions of other 
components in a computer and facilitates a processor to execute the functions of 
various computer programs that may be written in a variety of programming 
languages. In addition to managing data flow among other components in a 
computer, an operating system also provides scheduling, input-output control, file 
and data management, memory management, and communication control and 
related services, all in accordance with known techniques. Exemplary operating 
systems include, for example, a Windows operating system from the Microsoft 
Corporation, a Unix or Linux-type operating system available from many vendors, 
any other known or future operating systems, and some combination thereof. 

[00104] A computer memory used herein may be any of a variety of known or future 

memory storage devices. Examples include any commonly available random 
access memory (RAM), magnetic medium such as a resident hard disk or tape, an 
optical medium such as a read and write compact disc, or other memory storage 
devices. A memory storage device may be any of a variety of known or future 
devices, including a compact disk drive, a tape drive, a removable hard disk drive, 
or a diskette drive. Such types of memory storage device typically read from, 
and/or write to, a computer program storage medium such as, respectively, a 
compact disk, magnetic tape, removable hard disk, or floppy diskette. Any of 
these computer program storage media, or others now in use or that may later be 
developed, may be considered a computer program product. As will be 
appreciated, these computer program products typically store a computer software 
program and/or data. Computer software programs, also called computer control 
logic, typically are stored in system memory 120 and/or the program storage 
device used in conjunction with memory storage device 125. 
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[00105] In one embodiment, a computer program product is described comprising a 

computer memory having a computer software program stored therein, wherein 
the computer software program when executed by a processor or in a computer 
performs methods according to the present invention. In a preferred embodiment, 
a computer program product comprises a computer memory having a computer 
software program stored therein, wherein the computer software program 
performs a method comprising the step of taking the difference between a pre-Tm 
emission and a post-Tm-emission. 

[00106] An input device used herein may include any of a variety of known devices 

for accepting and processing information from a user, whether a human or a 
machine, whether local or remote. Such input devices include, for example, 
modem cards, network interface cards, sound cards, keyboards, or other types of 
controllers for any of a variety of known input function. An output device may 
include controllers for any of a variety of known devices for presenting information 
to a user, whether a human or a machine, whether local or remote. Such output 
devices include, for example, modem cards, network interface cards, sound cards, 
display devices (for example, monitors or printers), or other types of controllers for 
any of a variety of known output function. If a display device provides visual 
information, this information typically may be logically and/or physically organized 
as an array of picture elements, sometimes referred to as pixels. 

[00107] As will be evident to those skilled in the relevant art, a computer software 

program of the present invention can be executed by being loaded into a system 
memory and/or a memory storage device through one of the above input devices. 
On the other hand, all or portions of the software program may also reside in a 
read-only memory or similar type of memory storage device, such devices not 
requiring that the software program first be loaded through input devices. It will be 
understood by those skilled in the relevant art that the software program or 
portions of it may be loaded by a processor in a known manner into a system 
memory or a cache memory or both, as advantageous for execution. 
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[00108] As will be appreciated by those skilled in the art, a computer program 

product of the present invention, or a computer software program of the present 
invention, may be stored on and/or executed in a PCR instrument and used to 
calculate the amount of each amplicon. For example, a computer software of the 
present invention can be installed in, for example, the Smart Cycler System, the 
Idaho Rapid Cycler, the Carbett Roter-Gene System, the GeneAmp 5700 
Sequence Detection System, the ABI Prism7000, 7700 & 7900 Sequence 
Detection Systems, the iCycler System, the MX-4000 Multiplex Quantitative PCR 
System, the DNA Engine Opticon System, and MJ Research's DNA Engine 
Opticon System. 

[00109] However, it is not necessary that the computer program product or the 

computer software program be stored on and/or executed in a PCR instrument. 
Rather, the computer product or software may be stored in a separate computer 
or a computer server that connects to the PCR instrument through a data cable, a 
wireless connection, or a network system. As commonly known in the art, network 
systems comprise hardware and software to electronically communicate among 
computers or devices. Examples of network systems may include arrangement 
over any media including Internet, Ethernet 10/1000, IEEE 802.1 1x, IEEE 1394, 
xDSL, Bluetooth, 3G, or any other ANSI approved standard. When the computer 
is linked to a PCR instrument through a network system, the emission data are 
sent out through an output device of the PCR instrument and received through an 
input device of a computer having the computer program product or software. 
The computer program product or the software then processes the data and 
calculates the emission amount of an amplicon in each cycle and presents 
resulting data (e.g., an emission amount in a file, an emission over cycle plot, the 
amount of each amplicon, and/or a Rsquare value) through an output device 
associated with the computer. It is also contemplated that the emission data can 
be stored in a server in a network system, the computer software of the present 
invention is executed in the server or through a separate computer, and resulting 
information is presented to a user in the presence of an output of the computer. 
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[00110] APPLICATIONS IN MICROARRAY. Microarray technology allows a large 

number of molecules or materials to be synthesized or deposited in the form of a 
matrix on a supporting plate or membrane, commonly known as a chip. In a 
preferred embodiment, microarray technology allows a large number of molecules 
(also known as probe molecules) to be synthesized or deposited on a single chip 
and to interact with unknown molecules (target molecules) to obtain the 
information about the nature, identity, or quantity of the target molecules. The 
interaction between probe molecules and target molecules is preferably 
hybridization, and more preferably base pairing hybridization. Illustrative 
examples of microarray include biochip, DNA chip, DNA microarray, gene array, 
gene chip, genome chip, protein chip, microfluidics based chip, combinatory 
chemical chip, combinatory material based chip. 

[00111] In a preferred embodiment, microarray is an oligonucleotide array or a 

spotted cD.NA array. In the oligonucleotide array, an array of oligonucleotides (20 
- 80-mer oligonucleotide, preferably 30-mer) or peptide nucleic acid probes are 
synthesized either in situ (on-chip) or by conventional synthesis followed by on- 
chip immobilization. The oligonucleotide array is then exposed to labeled target 
DNA molecules, hybridized, and the identity and/or abundance of complementary 
sequences are determined. In the spotted cDNA array, probe cDNAs (200bp to 
5000bp long) are immobilized onto a solid surface such as microscope slides 
using robotic spotting. The spotted cDNA array is then exposed or hybridized with 
different fluorescently labeled target molecules derived from RNA of various 
samples of interest. As known in the art, oligonucleotide arrays can be used for 
applications including identification of gene sequence/mutations and single 
nucleotide polymorphisms and monitoring of global gene expression. The spotted 
cDNA arrays can be used for, for example, the studying of the genome-wide 
profile or a pattern of mRNA expression. 

[00112] Microarray data reflect the interaction between probe molecules and target 

molecules. As commonly known in the art, an illustrative example of microarray 
data refers to fluorescence emission readings derived from microarray when 
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target molecules are labeled with a set of fluorescent dyes (for example, Cy3 and 
Cy5). The labeled target molecules interact or hybridize with the probe molecules 
synthesized or deposited on the mircoarray and the emission reading of 
fluorescence is detected through any means known in the art. The emission in 
the microarray is scanned and collected to produce a microarray image. Emission 
in each array cell in the microarray is taken to collectively produce microarray 
data. 

[00113] It is contemplated that the emission of a double stranded DNA dye in the 

presence of double stranded hybridization between probe and target molecules 
can be used in microarray. For example, microarray plates can be treated with a 
double stranded DNA dye and emission of the dye can be detected continuously 
or discontinuously over rising temperature from an annealing temperature to a 
total denaturing temperature. In the cDNA spotted array, SNPs or gene splicing 
can be detected in each array cell when the emission unexpectedly drops or rises 
in comparison with wild type genes or fragments. 

[00114] ADVANTAGES. From the foregoing description, it will be readily 

appreciated that methods provided in the present invention attain significant 
advantages not heretofore present in the art. For example, the methods in the 
present invention substantially reduce the cost and time of performing multiplex 
real-time PGR. Although other fluorescence dyes may be co-employed in a PCR 
reaction, one double stranded DNA dye, such as SYBR Green I, is sufficient to 
quantify a plurality of amplicons. It becomes unnecessary to incur the expense of 
labeling one or two dyes on probes or acquiring a PCR instrument suitable for 
simultaneously distinguishing emission at various wavelengths. 

[00115] For another example, the methods in the present invention substantially 

increase the specificity of amplicons even in the presence of a non-specific double 
stranded DNA dye, since the specificity in the present invention emanates directly 
from the inherent properties of the amplicons, which are their unique melting 
temperatures. However, the specificity of methods currently known in the art is 
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determined indirectly from the specificity of primers, probes, or dye emission 
wavelengths in relation to amplicons. 

[00116] For another example, the methods in the present invention substantially 

increase the number of amplicons to be amplified and quantitated in a single 
multiplex real-time PCR reaction. As known in the art, real-time quantification in 
multiplex PCR depends on the availability of fluorescence dyes and the 
discrimination of their emission wavelength. The overlap of emission interferes 
with the emission readings of dyes. Accordingly, so far only up to four dyes can 
be used for simultaneous quantification. The methods in the present invention 
eliminate the need for multiple dyes, since quantification depends on the melting 
temperature of each amplicon and the difference between a pre-T m emission and 
a post-T m emission emitted from a single double stranded DNA dye. The number 
of amplicons in the present invention depends on the number of T m s among the 
amplicon spanning from an annealing/extension temperature and a denaturation 
temperature and a PCR instrument's limit on the separation and detection of the 
emission difference. In addition, the number of amplicons can be further 
multiplied when one or more double stranded dyes are combined and/or when 
fluorescence labeled probes are combined. 

rooii7i For another example, the methods in the present invention obviate the 

need to design multiple primers for single nucleotide polymorphism or any 
mutations occurring in an amplicon. Any mutation, whether it is a single base 
substitution and/or deletion and/or addition, an oligonucleotide substitution and/or 
deletion and/or addition, or an alternative splice product, can be detected and 
quantified in a single reaction, as long as the mutant amplicon has a different 
melting temperature from the wild type amplicon. 
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[00216] Having generally described the present invention, the same will be better 

understood by reference to certain specific examples, which are set forth herein 
for the purpose of illustration. 

[00217] Examples 

[00218] Example I. Cell culture. 

[00219] HMC-1 mast cells were obtained from American Tissue Culture Collection 

(ATCC, Manassas, Virginia) and were maintained in RPMI 1640 (Invitrogen, 
Carlsbad, California) containing 10% fetal bovine serum (Invitrogen) and 
supplemented with 100 uM MTG (Sigma, St Louis, Missouri). Freshly fed mast 
cells were equally seeded into T-175 culture flasks and maintained until 70 % 
confluent. At this time, flasks were exposed to variable amounts (1,10, 20, 40 
nM) of phorbol ester (PMA, Sigma) for 24 h. 

[00220] Example II. RNA extraction and reverse transcriptase (RT) reaction 

[00221] Total RNA from HMC-1 cells was extracted with RNeasy Mini Kit (QIAGEN) 

according to the manufacture's protocol and stored at -80 °C until used. 3.5 ug of 
total RNA were reverse-transcribed to cDNA using Superscript First-Strand 
synthesis system (Invitrogen) following manufacturer's instructions. 

[O0222] Example III. Primers 

[00223] Primers were designed using Primer Express v2.0 (Applied Biosystems, 

Foster City, CA) and ordered from MWG Biotech Inc (High Point, North Carolina). 
In order to standardize real-time PCR conditions all primer sets had a calculated 
annealing temperature of 60 °C. The set of primers used simultaneously for 
quantitative multiplex real-time PCR were calculated to generate amplicons with 
different melting temperatures (see Table 1 for details). 

[00224] Table I. 

Gene Primers 5'->3' Amplicons 

Name AccNo* Forward Reverse T m No Length 

(nt}_ 

Actin NM_001101 ACAATGAGCTGCGTGTGGCT TCTCCTTAATGTCACGCACGA 86.5 II 372 

(SEQ ID 1) (SEQ ID 2) 

FcERIG NM_004106 CTTTTGGTTGAACAAGCAGCG CCTTTCGCACTTGGATCTTCAG 81.5 I 125 
(SEQ ID 3) (SEQ ID 4) 



[00225] Example IV: Preparation of a DNA template by PCR 

[41743-8001/LA0321 10.024.024] -47- 



EXPRESS MAIL NO. EV254990873US Attorney Docket No. 41743.8001 .US00 

[00226] The DNA template used in some of the multiplex real-time PCR 

experiments was a purified PCR product. To generate the template, cDNA from 
the RT-reaction was amplified using the primers detailed in Table 1. The PCR 
reaction was run in a 25 |a.l volume containing 2 \i\ DNA template (directly from the 
RT-reaction), 0.4 ^M each forward and reverse primers, 400^M dNTP mix and 0.5 
\i\ Elongase enzyme mix (Invitrogen). The PCR products were electrophoretically 
separated in a 1% agarose gel and the cut bands were purified using Wizard DNA 
Clean-Up system (Promega). The amount of each PCR product was assessed by 
spectrophotometry. As shown in Fig. 1 1 , lane A represents a DNA template 
fragment of 125 nucleotides from the FcERIG gene, which gives rise to Amplicon 
I flanked by SEQ ID No.s 3 and 4. Lane B represents Amplicon II of 375 
nucleotides from the Actin gene and flanked by SEQ ID Noose 1 and 2 . 

[00227] Example V. Measurement of the T m of each amplicon. 

[00228] A PCR thermal cycling reaction was conducted in the presence of SYBR 

Green I to amplify Amplicon I alone, Amplicon II alone, and a mixture of Amplicon 
I and Amplicon II together in a single reaction. After the PCR reaction was 
completed, the fluorescence emission of SYBR Green I was read every 0.5 °C as 
temperature slowly rose from 70°C to 90°C. The first negative derivative of the 
emission reading versus temperature was plotted and the peaks of the melting 
curves represented T m s of amplicons. Fig. 8 shows the melting curve of Amplicon 
I after being amplified by itself in a PCR reaction. The peak in Fig. 8 corresponds 
to a T m of 81 .5°C. Fig. 9 shows the melting curve of Amplicon II with a T m of 
86.5°C. Fig. 10 shows the melting curve when Amplicons I and II were amplified 
together in a single reaction. The temperature of the first peak corresponds to the 
T m of Amplicon I and the second peak corresponds to that of Amplicon II. 

[00229] Example VI. Quantitative real-time PCR 

[00230] The quantitative real-time PCR reactions were performed in an Opticon2 

Cycler (MJ Research, Waltham, MA, USA) using SYBR Green PCR master mix 
(Applied BioSystems, Foster City, CA, USA) following manufacturer's instructions. 
Thermocycling was performed in a final volume of 25 ^l and different master 
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mixes were prepared for single or multiplex experiments following the general 
protocol in Table 2. The cycling protocol was as follows: after initial denatu ration 
of the samples at 95 °C for 2 min, 46 cycles of 95 °C for 30 s, 60 °C for 30 s, 72 
°C for 35s, 78°C for 10s (taking emission reading), and 84°C for 10s (taking 
emission reading) were performed. The final PCR products were visualized 
through a DNA gel as shown in Fig. 1 1 . 
[00231] Table II 





Volume (ul) - Final concentration 




One amplicon alone 


Two amplicons together 


Forward Primer 


1 - 0.4uM 


0.5 + 0.5 - 0.4uM 


Reverse Primer 


1 - 0.4uM 


0.5 + 0.5 - OAyM 


SYBR Green Mix 


12.5 - lx 


12.5 -lx 


H 2 0 (PCR grade) 


8.5 


8.5 


cDNA 


2 


1 +1 


Total volume 


r 


fo 25 ul 



[00232] According to Example V and as shown in Fig. 10, T m i (the T m of Amplicon I) 

is about 81.5°C and T m2 (the T m of Amplicon II) is about 86.5°C. The measuring 
temperature (MT) below T m1 (or the MT pre-T m1 ) used in this example was 78°C, 
which was 3.5°C below the T m i. The MT between T m1 and T m2 used in this 
example was 84°C, which was 2.5°C above T m i (81 .5°C) and 2.5°C below T m2 
(86.5°C). The MT between T m1 and T m2 could also be viewed as a MT above T m1 
(or a MT post-T m1 ) or a MT below T m2 (or a MT pre-T m2 ). In each cycle, the 
emission reading at 78°C (a pre-T m i emission) corresponded to the amount of 
Amplicons I and II in duplex. And the emission reading at 84°C (a post-T m i 
emission or a pre-T m2 emission) corresponded to the emission amount of 
Amplicon II in duplex. The difference between the two readings corresponded to 
the amount of Amplicon I in duplex. 

[00233] Example VII. Emission versus cycle curves. 

[00234] In each PCR cycle and each reaction, pre-T m i emission readings taken at 

78°C and post-T m i emission readings taken at 84°C were recorded and plotted 
against the number of cycles. Fig. 12 shows standard and sample curves of 
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Amplicon 1 at 78°C. Fig. 13 shows standard and sample curves of Amplicon 1 at 
84°C. Since the T m of Amplicon I is 81.5°C, Amplicon I demonstrated increasing 
levels of fluorescence over the cycles when the emission was measured or taken 
at a measuring temperature of 78°C which was 3.5°C lower than 81.5°C (Fig. 12). 
However, no emission was detected when the emission was measured at a 
measuring temperature of 84°C, which was 2.5C higher than 81.5°C (Fig. 13). 
The difference in emission is caused by the change of double stranded Amplicon I 
at 78°C to single strands at 81.5°C. 
[00235] On the other hand, Amplicon II demonstrated increasing levels of 

fluorescence when emission was measured at both 78°C (Fig. 14) and 84°C (Fig. 

15) . Since the T m of Amplicon II was 86.5°C, it was expected that Amplicon II 
would be in duplex at both 78°C and 84°C. 

[00236] Example VIII. Quantification of Amplicons using Multiplex Protocol. 

[00237] In PCR reactions containing Amplicon I or II alone, Amplicon I or II can be 

quantified using known software in a real-time PCR instrument based on curves 
as shown in Figs. 12 and 14. In PCR reactions containing both Amplicons I and II, 
the curves in Fig. 16 represented the emission amount of both amplicons in 
duplex over cycles. The curves in Fig. 17 represented the emission amount of 
Amplicon II in duplex over cycles. The subtraction of the emission obtained at 
84°C (as shown in Fig. 17) from the emission obtained at 78°C (as shown in Fig. 

16) from gave rise to the emission amount of Amplicon I in duplex and emission 
curves over cycles as shown in Fig. 18. 

[00238] The subtraction of a pre-T m emission from a post-T m emission can be 

performed manually by subtracting emission data of one column (pre-T m ) from 
another (post-T m ). The subtraction can also be performed through a computer 
program or software. To expedite the quantification, software was designed to 
manage emission data from the multiplex real-time PCR and perform appropriate 
calculations. The key feature of the software was the simple subtraction of the 
fluorescence emission collected at a post-T m measuring temperature from the 
fluorescence emission collected at a pre-T m measuring temperature. The 
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subtraction generated the fluorescence emission of the amplicon with the T m . The 
software had other functions, such as manual selection of the Ct and subtraction 
of blanks. 

[00239] The software was implemented in Visual Basic for applications (VBA) as an 

Addin for Microsoft Excel. The source code was organized in two main modules. 
One module contained all the "utility" functions such as mathematical functions, 
functions to generate arrays from emission data present in the Excel sheets, 
functions to print result data and labels, functions to handle errors or template and 
functions to generate charts of a certain types. The second module contained the 
functions to control the flow of the program. This module contained all the 
functions making possible the interaction with the user, such as menu selections, 
bar slicing, inclusion/exclusion of data in the standard curve. 

[00240] Once the Addin (called MQ_PCR or multiplex quantification real-time PCR) 

was installed, a menu item (called MQ_PCR) was placed in the Excel menu bar 
(Fig. 19). This helped not only to better organize the application but also to drive 
the user through the successive steps. 

[00241] When the "Collate data" submenu was selected, a computer screen 

displayed a Open/Save dialog box (Fig 20) which allowed a user to open a *.csv 
(comma delimited) type of file. As known in the art, csv files are the format in 
which the many real-time PCR instruments including Opticon2 system from MJ 
Research save the real-time PCR raw emission data. Alternatively, emission data 
can be easily converted into the cvs format. This file contained the emission data 
taken at each measuring temperature at every cycle for all PCR reactions. In this 
example, the file contained emission data for the standard curves and the 
samples for Amplicon I and II at temperature of 78°C (See Figs. 12,14 and16) and 
84°C (See Figs. 13, 15 and 17). 

[00242] Once the file was opened, a submenu "Define Experiment" became active 

(Fig. 21). Selection of this submenu displayed a custom form containing three 
RefEdit boxes associated with three TextBoxes (Fig. 21 ). This allowed the user to 
define the cells containing the number of repeats and data for "Blanks" (cells with 
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data for those wells lacking the cDNA but containing the rest of the reaction mix), 
"Standard Curve" (cells with data for the standard curves) and "Samples" (cells 
with data for samples). In addition the dialog box contained a TextBox to define 
the number of cycles run in the real-time PCR, and an "OK" and "Cancel" button. 
[00243] Once the user clicked the OK button, the cells containing the data were 

displayed in the sheet and two additional sheets (called "baseline and results") 
were generated. The data for blanks, Standard Curve and Samples were 
temporarily stored in three different bi-dimensional arrays. The background 
defined by the "Blanks" and the base line (defined as the average level of 
fluorescence in the first five cycles of the PCR for every sample) were subtracted 
from every data (however, the subtraction of blanks is optional), stored in three 
new arrays, and printed in the sheet named "baseline". This step allowed the user 
to monitor the procedure; however, it could be executed in background. 

[00244] The next step comprised the subtraction of the fluorescence emission 

obtained at 84°C (Fig. 17) from the one obtained at 78°C (Fig. 18) in each 
reaction. This automatically generated the "raw emission data" for the 
fluorescence of Amplicon I in duplex due to the lower melting temperature of 
81.5°C (Fig. 18). Since Amplicon I became single stranded at a temperature of 
84°C and generated little emission (Fig. 13), the emission amount of both 
amplicons obtained at 84°C could be treated as the fluorescence emission of 
Amplicon II in duplex. As a result of this process, two sets of curves were 
obtained: one for the emission of Amplicon I (Fig. 18) and the other for emission 
x of Amplicon II (Figs. 17). 

[00245] The emission curves were used to analyze Ct and regression lines. The Ct 

for both sets of standard curves was selected manually with the help of a scroll 
bar with a Ct threshold line across the standard curves (Fig. 23; this process is 
similar for both standard curves in Fig. 17 and Fig. 18). The scroll bar increased 
the cycle number (Ct) and automatically updated the regression line plot. At the 
same time the slope, intercept and RSquare for the regression line were shown 
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and updated every time the user uses the sliding bar. This helped the user to 
select the linear part of the curves. In addition, the visualization of the RSquare 
value for each regression line helped to select the best fit for each regression line. 

[00246] As commonly known to the art, the regression lines were used to calculate 

for all the samples. Based on the regression lines, in one sample, the values of 
Amplicons I and II in a single PCR reaction were 10.09 and 884 respectively. In a 
different sample, the values of Amplicons I and II were 0.98 and 78.5 respectively. 
As shown in Table VI, the values obtained from the methods described above 
were equivalent to those obtained from amplicons I and II amplified separately as 
well as the theoretical values, which were obtained using a spectrophotometer. 

[00247] Table IV. 





Theoretical Value 


Singleplex 


Multiplex Quantitation 


Amplicon II 


836 


894 


884 




83.6 


68 


78.5 


Amplicon I 


10.5 


10.1 


10.09 




1.05 


1.01 


0.98 



[00248] Papers and patents listed in the disclosure are expressly incorporated by 

reference in their entirety. It is to be understood that the description, specific 
examples, and figures, while indicating preferred embodiments, are given by way 
of illustration and exemplification and are not intended to limit the scope of the 
present invention. Various changes and modifications within the present invention 
will become apparent to the skilled artisan from the disclosure contained herein. 
Therefore, the spirit and scope of the appended claims should not be limited to 
the description of the preferred versions contained herein. 



[41 743-8001/LA0321 10.024.024] 



-53- 



